Background This study aims to estimate pertussis vaccine uptake in pregnant women in England, describe timing of vaccine delivery and examine variations in uptake.
Introduction
During 2011 and 2012 the UK experienced an outbreak of pertussis, with the largest increase in cases seen in this population for over 2 decades. Severe infections were most common among infants less than 3 months who were too young to have completed the primary vaccination course.
1,2 A total of 14 infant deaths were attributed to pertussis infection in 2012, compared to eight deaths in 2008, the last peak year. 3, 4 In response to the continued increase in disease levels observed in infants the Department of Health (DH) announced the introduction of a temporary programme offering pertussis vaccination to women between the 28th and 38th weeks of pregnancy from first October 2012, with the optimal window between 28 and 32 weeks. In July 2014 the programme was extended for a further 5-year period due to pertussis remaining in circulation at levels in excess of that observed before 2012. Following a review of evidence by the Joint Committee on Vaccinations and Immunization (JCVI) this recommendation was revised and women are now offered vaccination between weeks 16 and 32 as this is considered the optimal period to protect the baby from birth. [5] [6] [7] Pertussis vaccination in pregnancy aims to protect infants from birth through transplacental transfer of maternal antibodies until they can be actively protected by the routine infant vaccination programme from 8 weeks of age. 8 Routine vaccine coverage data collection was rapidly established to monitor implementation of the programme via Immform and the Clinical Practice Research Database (CPRD). ImmForm (ImmForm is the system used by Public Health England to record vaccine coverage data for some immunization programmes and to provide vaccine ordering facilities for the NHS (https://www.immform.dh.gov.uk/)) uses GP practice returns to provide estimates of uptake, CPRD is a primary care dataset which contains anonymised information for patients registered at 520 English general practices, representative of the population of England in terms of geographical distribution. 8 Uptake estimates for December 2012 were 55% (Immform) and 75% (CPRD) with data that was of variable quality and often incomplete. The routine data sources do not collect information on factors such as ethnicity or parity. Obtaining accurate estimates of vaccine coverage is essential to evaluate implementation and effectiveness of the programme. In view of the disparity in estimates from routine sources a survey was undertaken to provide a better understanding of pertussis vaccine uptake in pregnancy in England.
The aim of this cross-sectional survey was to estimate pertussis vaccine uptake in pregnant women and the gestational week in which they were vaccinated. Information on geography, maternal age, ethnicity and parity was collected to explore variation.
Methods
A cross-sectional survey of pertussis vaccination uptake among women delivering in NHS maternity units in England with data collected over a consecutive five day period.
Sampling strategy
The sampling frame was women delivering a live birth in maternity units in England during April and June 2013. A multi-stage clustered sampling technique was employed with a weighted sample of NHS maternity units stratified by former Strategic Health Authority (SHA) region, defined by total former regional populations, the total number of deliveries per year and the number of trusts in the region. 9, 10 Each trust was allocated a random number and recruited in number order until the indicated number of trusts in each region had been reached (Table 1) . Sampling units were comprised of all women delivering within the selected trusts over the designated five day time period. This survey was an anonymised cross-sectional audit completed by midwives therefore formal ethical approval was not required.
Sample size estimation
A sample size of 384 women was required to estimate a vaccinated proportion with a precision of ±5% at the 95% confidence level without adjustment for clustered sampling.
The average cluster size for this study was estimated as 45 deliveries per 5-day period, based on the average rate of deliveries in NHS trusts in England in 2011-12 (668 936 births from 148 trusts; 12 deliveries per day per trust) 9 and the reported successful data capture for 75% of births in a previous survey of maternal pertussis vaccine uptake in Scotland. 10 A cluster-level response rate of 75% from 38 trusts was estimated to generate around 1283 reports. In the absence of a known intra-cluster correlation coefficient (ICC) estimate for this study, this number of reports allowed for the required precision of vaccine uptake estimate where the ICC did not exceed 0.053 corresponding to a maximum possible design effect of 3.34.
Recruitment
Trust Heads of Midwifery were approached and asked if their maternity units would be willing to participate in the study. If a trust declined the next trust in the region, as determined by the random number sequence, was approached to participate until either recruitment was complete or the end of the study period.
Data collection
Data were collected from maternity notes using a study specific questionnaire, which gathered information on: maternal age, ethnicity, postcode, vaccination history, date of delivery and parity (defined as pregnancies, which are carried to 24 weeks gestation or longer, irrespective of pregnancy outcome). Trusts collected data over five consecutive 24-h periods including weekdays and weekends. Participating trusts were asked to complete the survey along with the routine birth paperwork following each live delivery. Where vaccination information was missing from the notes maternity staff were instructed to ask the mother. Ethnicity was recorded using standard NHS ethnic groups. 11 
Statistical analyses
Vaccine uptake was estimated using proportions with 95% confidence intervals calculated using robust variance estimators to adjust for intra-cluster correlation. The effects of region, ethnicity, maternal age, deprivation and parity on vaccine uptake were estimated using a mixed effects logistic regression model including random trust-level effects. Postcodes were used to map each delivery to a lower super output area and then assigned the corresponding Index of Multiple Deprivation 2010 (IMD 2010) and national IMD quintile.
All uptake proportions and statistical models were estimated using complete records only. The assumption was made that true vaccine uptake in the women recorded with missing or unknown vaccination status was not significantly different to those with known vaccination status.
Sensitivity analyses were performed to examine the effect of this missing data assumption on vaccine uptake rates and variable effect estimates. All analyses were performed using Stata version 12.1 (StataCorp, TX, USA).
Results

Response rate
Questionnaires were returned from 29 trusts in each of the nine former SHA regions, 76% of the target sample clusters. Overall, 50 trusts were approached to participate of whom 21 declined giving an overall cluster response rate of 60%. The most frequent reason for trusts declining to participate was lack of capacity. A total of 75% of participating maternity units returned surveys for women who delivered in the last 2 weeks of April and first 2 weeks of May with all surveys completed by 23rd June 2014.
The mean number of live births reported per trust over the study period was 46 (range: 10-168).
A total of 1128 complete records were returned by 29 participating trusts with a mean of 38.9 records per trust. The design effect for the national estimate of pertussis vaccination uptake in this survey was 2.62. Table 2 describes the characteristics of the survey sample compared with national Hospital Episode Statistics maternity data for 2012/13. The survey sample was comparable to the national maternity population in terms of age at delivery, ethnicity, IMD quintile and mode of delivery. A higher proportion of women were reported as being of White ethnicity (78.9% compared to 71.8% nationally) and a lower proportion were in the most deprived quintile in the survey sample (8.5% in quintile one compared to 15.5% nationally). There was a greater proportion of missing postcode information, used to calculate IMD quintile, in the survey sample than in national data (15.5% compared to 1.9% nationally). 12 Information about place and type of delivery was recorded for all participants. The majority in this sample (84%) delivered in a hospital obstetric unit, 14% delivered in midwife led unit and 1% had a homebirth. The proportion of women opting for a homebirth in the general population is estimated to be slightly higher at 2.4-2.8%. 13 
Characteristics of survey sample
Estimates of vaccine uptake
Pertussis vaccination status was reported as unknown for 177 deliveries (13.4%) and not recorded at all for 20 (1.5%). The proportion of deliveries with missing vaccination status was not equally distributed. London had the highest proportion of missing records, largely driven by one out of the two participating trusts where vaccination status was not recorded in 44.1% of deliveries. Missing vaccination status was also high in three other Trusts outside of London (21.5, 31 and 30%) ; all other hospitals both within and outside of London had data completeness in excess of 80%.
Assuming that records with complete data on vaccination status are representative of the target population and that missing data occurred at random, pertussis vaccine uptake was 61.8% (n = 697/1128; 95% CI: 56.8-66.5) with a range from 31.0% (95% CI: 24.9-38.0) in London to 78.9% (95% CI: 75.8-81.6) in the East Midlands (Table 2) . Overall vaccine uptake outside of London was 65.3% (95% CI: 61.1-69.3). There was significant variation in pertussis uptake by geographical region which persisted after adjustment for ethnicity, age group, parity and deprivation quintile.
In the sensitivity analysis, assuming all individuals with unknown vaccination status were unvaccinated, pertussis vaccine uptake was 52.6% (n = 697/1325; 95% CI: 43.7-61.3). Although these estimates are lower the geographical variation persisted.
Variation in vaccine uptake
Associations with reported pertussis vaccine uptake were identified with ethnicity, age group, geographical region, deprivation quintile and parity in single variable mixed effects logistic regression (Table 3) . 
Ethnicity
Uptake was highest in the White British group at 67.7% (95% CI: 63.5-71.5%). In women of White British ethnicity uptake was significantly higher than that reported in women with White non-British, Asian/Asian British, Black/Black British and mixed ethnicity (Fig. 1) .
Adjusting for all other recorded variables, pertussis vaccinated women remained more likely to be women of White British ethnicity than any other including non-British White ethnicity (OR adj versus White British: 0.67; 95% CI: 0.45-0.99).
Deprivation
Postcode data was available for 84.5% of women in the sample. Vaccine uptake was lowest in the most deprived quintile at 52.1% (95% CI: 40.2-63.9) compared to the least deprived quintile at 69.0% (95% CI: 60.3-76.5) but this difference was not statistically significant.
Parity
Parity ranged between 1 and 12 and was categorized for analysis as; one to three and more than three. The median number of pregnancies in this survey was one and 92.4% of participants had parity between one and three.
Pertussis vaccine uptake was significantly lower in women with parity greater than three (48.1%; 95% CI: 37.0-59.4) than in those with parity one to three (63.0%; 95% CI: 58.3-67.5).
After adjustment for all other variables, the effect was maintained, although the small number of women with parity higher than three results in the loss of statistical significance (OR adj parity one versus one to three: 0.60; 95% CI: 0.34-1.07). 
Discussion
Main findings of this study
Pertussis vaccine uptake in pregnant women in England was estimated to be 61.8% (95% CI: 56.8-66.5). This is encouraging, however considerable variation by age, ethnicity, parity, geography and deprivation was noted. Vaccine uptake was highest in the White British ethnic group which is consistent with other reports which identify ethnicity as a key factor in engagement with antenatal services. 14, 15 Further analysis revealed lower uptake in the non-British white ethnic group, an inequality which may be less well recognized than for women of other ethnicities. Uptake was significantly higher in mothers aged 30-39 years and was lower in women of parity greater than three. The effect of parity persisted after adjustment for All effect estimates and P-values were calculated using a mixed-effects logistic regression model, including random trust-level effects. Individuals with missing vaccination status excluded from the analysis (904 observations in multivariable model). OR adj = Odds ratio adjusted for all other variables in the model.
ethnicity and deprivation but did not achieve statistical significance. London had the lowest uptake which persisted after adjusting for ethnicity, deprivation, parity and maternal age. Key strengths of this study include the large, representative sample and good response rate from trusts, making the results generalizable to the wider population. The large sample size also allows a robust estimate of uptake at national and regional levels. Participation bias is a possibility given that many trusts lacked capacity to participate, however, trusts that did not take part were not significantly different from participating trusts in terms of numbers of deliveries, size of population or IMD scores. Trust recruitment from London was lower than target and one of these trusts had a very high incidence of missing data for vaccine uptake. Despite this the proportion of completed individual records from London was consistent with the size of the population. The available epidemiology does not suggest that there was a greater incidence of pertussis in London at the time of the survey compared to the rest of the country. 16 Our sample was broadly comparable to the national population, except for an over representation of white ethnicity and an under representation of the lowest deprivation quintile which may be partly explained by the higher number of missing postcode data from certain innercity Trusts. The study was designed to limit selection bias by attempting to recruit all women delivering within the selected trust; however there is no information about women that may have been excluded from the survey by the Trust.
What is already known on this topic
A survey conducted in Scotland in January 2013 using similar methodology estimated uptake of 78.1% (range: 66-92%), higher than reported here. 7 ImmForm data for March, April and May 2013 recorded a decrease in maternal pertussis vaccine uptake from 57.2 to 52.6% and 50.0%, respectively, lower than the estimated uptake reported in this study, although this was partly due to the completeness of reporting declining during this time period. The geographical variation and lower uptake in London that was observed in this survey was also seen in the Immform data. 17 CPRD data showed a peak uptake of 78% during January 2013, which decreased to 60% at the end of August 2013. 18 National data collection for this vaccine was still in early stages and there were known data quality issues, which was one of the indications for undertaking this survey and may explain the lower rates of uptake reported. Due to the relatively recent introduction of maternal pertussis vaccination there is limited information on variation in uptake. There are several studies examining influenza uptake in pregnancy, which provide some insight into barriers and facilitators for vaccine uptake in pregnancy. A recent systematic review examining determinants of influenza vaccination uptake among pregnant women found that nonwhite ethnicity, being aged between 18 and 24 years and lower educational attainment were associated with lower vaccination uptake; results which are similar to those seen in this study. 19 Lower uptake in non-White British ethnicities and more deprived populations seen in this study might be partly attributed to inequalities in access to maternity services and other barriers including educational attainment and language. There is also evidence from some studies that women of higher parity are more likely to present late and attend fewer antenatal visits than women of lower parity. 11, 14 It is not possible for this survey to disentangle the effects contributing to the parity relationship; however, there are several plausible factors that may help explain this. It might reflect a blunting effect of health messages from repeated exposure to antenatal care, for example, or a change in the perception of risk affected by previous maternity experiences. It may be an effect due directly to family size and the pressures this might create for a pregnant woman including practical difficulties in attending appointments. Qualitative research from Australia has found that women see vaccination in pregnancy as one of many health messages received during pregnancy which may get lost among competing priorities. 15 
What this study adds
Estimates of vaccine effectiveness for the maternal pertussis vaccine have suggested it is between 90 and 93% effective in preventing disease in infants aged less than two months. 2, 18 Public Health England surveillance data suggests that the pertussis vaccination programme has been effective in reducing the number of infections in infants aged less than three months. From the introduction of the programme in October 2012 up to the end of August 2014 nine deaths had been reported in babies with confirmed pertussis, eight of whom were born to unvaccinated mothers. This compares to 14 deaths in 2012. 17 Incidence remains highest in infants aged less than 3 months therefore vaccine uptake in pregnancy should continue to be promoted. In trusts with high uptake in this survey midwives administered the vaccine opportunistically. Several studies have reported that administration of the influenza vaccine by midwives improves uptake; this is a strategy that could be more widely implemented and evaluated. 20, 21 The results of this survey indicate that vaccine uptake rates in pregnant women vary significantly across the country and factors such as age, ethnicity, parity and deprivation may be important influences. Further exploration is needed to understand why some women may be less likely to accept pertussis vaccine and describe effective strategies for promoting uptake. There should be a targeted approach to promote vaccine uptake in some populations for example women living in London, women of non-white/non-British ethnicity, women of higher parity, younger mothers and those in more economically deprived situations. Such interventions would help to reduce inequalities in morbidity and mortality associated with pertussis infections.
Limitations of this study
A limitation of this study was the high proportion of missing vaccination data from some trusts. Methods of data collection also varied between trusts; most trusts asked participants directly, however some completed surveys retrospectively (through maternity notes or contacting the GP), which may account for some missing data. Uptake estimates and covariate associations were calculated assuming that complete records were representative of the total study population. This approach assumes that missing data is missing at random, independent of vaccination status, and that all unmeasured potential confounders are equally distributed between missing and non-missing groups. This approach results in a loss of statistical power in multivariable analysis as the number of observations included was reduced to those for which reporting was complete and uptake estimates will be subject to bias where the random missing data assumption is violated. Comparison of survey estimates using this model are consistent with estimates obtained via usual reporting mechanisms for the same period. As this survey may have been subject to a range of potential missing data mechanisms, a sensitivity analysis examined a worstcase scenario in which all cases with missing vaccination status are unvaccinated. Non-random missing data could occur through recall bias for example a vaccinated woman may be more likely to accurately recall a vaccination event than an unvaccinated woman will recall a 'non-event', alternatively medical records may be more likely to reflect a vaccination event than a vaccination non-event. Additionally, there is potential for selective reporting bias where data collection methods varied within trusts. Vaccination uptake could also be associated with unmeasured covariates that affect data completeness, such as language.
